A FRACTAL CLUSTER MODEL RELEVANT TO THE SPIN GLASS PROPERTIES BELOW T g
M. Ocio, J. Hammann Abstract. We propose a generalization of the fractal cluster model below the transition temperature. This picture is directly derived from the observation that after a quench from Tg to a lower temperature, ageing of the dynamics leads, .at very large ages, to a new critical behavior. The number of spins involved is reduced by the amount of spins frozen through the quench. This picture is coherent with all of the experimental results below T,.
A complete theoretical approach of the spin glass problem should be able to account for the great variety of effects observed, including static and dynamic aspects. Dynamic properties reveal very intricate effects characterized by a power law relaxation function and non-equilibrium (ageing) processes in the spin glass state. General formulations of the ageing problem have already been proposed [l, 21.
We suggest a picture which in many respects presents similarities with those of references [I, 21. It is an extension below the freezing temperature T, of the fractal cluster model first applied to the critical regime above T,. The idea of such an extension came from the observation that the equilibrium relaxation function below T, follows a power law similar to that at T, .
The basis of the fractal cluster model which accounts well for the critical behaviour of spin glasses has been defined by Malozemoff . Below Tg, the power law dependences of X,I on field and of on frequency (in the long time limit), are still observed [7, 81. This suggests that the collective excitations below T, have the same structure as those at T, and thus may still be described by a set of fractal clusters with a power law distribution of cluster sizes extending up to infinity at equilibrium. The main difference however is that now these clusters coexist with frozen spins. The existence of these frozen spins is revealed by the fact that the static limit of the ac susceptibility XO (deduced by extrapolating the measured susceptibility), is smaller than the field cooled susceptibility X F C [7] . Their number increases with decreasing temperature as the Edwards-Anderson (E.A.) parameter q. At a given temperature a dynamic equilibrium is established between the clusters and the frozen spins, implying the existence of an interaction energy. size s. The equilibrium distributions at Tg and T, < Tg are shown (below T, equilibrium is attained at an infinite age of the system, ta = m). They correspond to similar power laws with a decreasing normalization factor as T decreases, to allow for the increase of the amount of frozen spins.
As the temperature is lowered from Tg to T,, the equilibrium power law distribution is broken and begins to evolve slowly towards the new equilibrium shape. This is revealed by the non-stationarity of the response (ageing phenomenon). Ageing has been investigated extensively in several previous works [9, 101. From our analysis of time scaling [lo] , at each age ta (t, is the time spent at T,), the distribution of relaxation times reads:
where p is the ageing exponent (p 6 1) and the scaling function il! takes the shape of a "wave" which shifts towards higher r values as t, increases. We argue that the clusters retain their fractal structure during ageing; hence, with the aid of the relation for 7, we deduce, for the distribution of cluster sizes:
where O is a scaling function directly related to il!. This form for n (s, t,) corresponds to the long time similarity solution of the Smoluchowsky equation for aggregation-fragmentation processes. This equation has been used extensively in the theory of gelation in polymers, but has been resolved mainly in the case of monodisperse initial conditions [ll] . Our case corresponds, starting from equilibrium initial conditions, to a sudden modification of the kernels. We propose a picture which is similar in many aspects to gelation. A quench results in a sudden increase of the ratio between aggregation and fragmentation rates of the spin clusters (which are understood here as interacting dynamical entities). Thus, the larger clusters, down to a characteristic size s, (which depends on the quench amplitude T, -T,), are quickly aggregated to the infinite cluster, leading to a frozen structure whose weight is the E.A. order parameter q. The situation corresponds to t, = 0 in figure 1, the hachured zone giving the amount of spins frozen during cooling. Due to frustration, the remaining clusters are not in their energetically most favourable configuration. As time evolves, the free clusters rearrange, approaching their equilibrium distribution at T,. This process is spread over an extremely large range of time scales. The smaller clusters find their final distribution much faster than the larger ones. Since the total number of spins in the clusters remains constant during the evolution, the distribution at a given age ta takes the shape of a "wave" which shifts towards higher values of s as t, increases. In figure 1 the configurations for three values oft, are displayed.
By returning to the initial (higher value) temperature, the spins which had been frozen are released, and the initial distribution is immediately rebuild. If this distribution was different from the equilibrium one, then the initial ageing process is resumed from the point where it was left.
This picture contains all the qualitative characteristics of the ageing processes as found experimentally [12] and it accounts well for all the observed dynamic and static effects.
